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Abstract 
The creep resistant ferritic steels have a microstructure with fine stable alloy carbides that impede the movement of the 
dislocations; however it is inevitable that during long periods of service or very critical conditions, microstructural changes that 
are responsible for the loss of material strength, occur. 
This type of steel is used for pressurized pipes, boiler tubes and heat exchangers at temperatures of up to 863 K. It exhibits good 
mechanical strength at high temperature due to the precipitation of carbides but for the low content of chromium present small 
corrosion resistance at temperatures around 823 K. 
The objective of this work is to study the creep behavior of 1Cr 0.5Mo steel and compare the resistance when -prior to service- it 
is subjected to different heat treatments that enhance its conditions of service. 
Tensile creep tests are performed at stresses between 131 and 205 MPa and temperatures between 843 and 923K. 
The microstructural change is analyzed in original material, after heat treatment and after test creep. Samples are characterized 
with light optical microscopy (LOM) and scanning electron microscopy (SEM). The micro hardness of the phases present in the 
different specimens is also measured. 
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1. Introduction 
The mechanical components operating under critical conditions of temperature and stress suffer different 
degradation mechanisms that can lead to damage of the material. 
One of them is the creep, where the material deforms plastically over time by changing its structures. It is 
important, for the industrial design; to know the creep resistance of the material because this avoids economic losses 
caused by the failure of components [Viswanathan et al., 1989]. 
In thermal power plants steel is used 1Cr - 0.5Mo as material for pressurized pipes, boiler tubes and heat 
exchangers. During operation, these components are exposed to high temperatures and mechanical stress. A failure 
of such components can cause high costs to industry.  
Peddle and Pickles have reported that carbides and nitrides stables precipitates increase the mechanical resistance 
of ferritic steels. This stability is due to the high formation enthalpy of chromium, molybdenum and vanadium 
carbides [Peddle et al., 2001]. 
 Grabke et al. have observed that the fine precipitate of carbides, nitrides and carbon nitrides of Cr, Mo and V, 
especially in the grain boundaries of alloyed steels, prevents the dislocation mobility and improves the mechanical 
resistance [Grabke et al., 2001]. 
Porter et al. studied the morphology of ferritic steels, after being exposed to different thermal treatments. They 
found out that the precipitated carbides, when the initial specimen was of bainitical  structure differed from those 
obtained from a material with an initial structure composed of bainite and allotriomorphic ferrite; they indicated that 
the prevalence of some of these changes depend on the microstructure of the material. These authors analyzed the 
influence of the alloying element in the resistance to creep of   ferritic steels. These authors find that the Cr, Mo, W, 
V, Ti, Nb, Zr, Mn and P increase the metal resistance while C, Ni, Cu and S favors the decohesion phenomenon 
[Porter et al., 2008]. 
It is well known that the rupture ductility of many alloys varies with temperature, stress and exposure time due to 
the effects of thermally activated processes producing some microstructural changes such as recovery, 
recrystallization, precipitation, change in size and distribution of precipitates, during the prolonged testing or service 
time. 
 In general, the creep ductility is determined by the superposition of strains accumulated in void formation and 
growth phases separately. 
 The objective of this paper is to study the creep behavior of 1Cr 0.5Mo steel and compare its resistance as-cast 
with other specimens that have undergone different thermal treatments. These treatments will enhance the material 
performance and, thus, using them will be profitable.  
 
Nomenclature 
 H  creep strain rate (s-1) 
  σ uniaxial stress (MPa) 
  A constant depending of the structure 
  Q activation energy (J) 
  R universal gas constant (J/K) 
  T  absolute temperature (K) 
  N stree exponente 
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2. Experimental Procedure 
Creep test were carried out in 1Cr-0.5Mo cylinder specimens obtained from seamless pipes used in pressurized 
pipes and boiler tubes of a power generation plant. The chemical compositions of the steels are given in Table 1 
 
Table 1. Chemical composition of steels (weight%).    
Steel C Cr Mo Ni Mn Si Cu Others Fe 
1Cr 0.5Mo     0.0490 1.080 0.36 0.040 0.395 0.354 0.01 S, P < 0.2 Balance 
 
The geometry of the cylinder specimens is shown in Figure 1. 
 
 
 
 
 
 
 
 
Figure 1. Schematic drawing of the steel specimen used for creep test (mm) 
The microstructure of the steel in its as-received condition is shown in Fig. 2, where it is possible to see that the 
structure is essentially ferrite/bainite [Purmensky et. al, 2001].  
The study of the microstructure allows for the interpreting the kinetic transformations in the precipitated phases, 
the nucleation and evolution of microcavities responsible for the damage.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.  Optical micrographs in the as received state. Etching reagent: Nital 2 %. 
 
The experimental procedure for characterizing the microstructure, including phase identification, morphology of 
primary and secondary precipitation as well as phase transformation studies, was done by optical microscopy, and 
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scanning electronic microscopy (SEM) and energy dispersive X-Ray analysis. To prepare the samples, specimens 
were roughened with abrasive papers of different particle sizes and then chemically treated with Nital 2%. 
To study the influence of temperature on the structure of the material, different heat treatments were done. Figure 
3 gives an overview over the treatments. 
 
 
 
 
 
 
 
 
 
Figure 3. Thermal cycles applied to the specimens 
Case A: heating at 1223 K followed by a cooling in air and subsequent tempering at 873 K for one hour and a 
cooling in air.        
Case B: heating at 1223 K followed by a cooling in air, subsequent tempering at 1023 K for one hour and cooling 
in air. 
Case C: heating at 1223 K followed by a cooling in air, subsequent tempering at 1023 K for three hour and 
cooling  in air. 
 
Creep tests were applied both to material as-cast and thermally treated material. In this way it was possible to 
determine the behavior of the material as a function of the thermal treatment. These tests were done using a testing 
machine that maintains stress and temperature at constant values as specified in the ASTM E 139 -11. 
The creep test is carried out at the stresses ( V) between 82 and 205 MPa and a temperatures in range of 873 to 
1023 K. 
The equivalent strain rate is determined using the empirical equation (which is related with the stress and 
temperature) expressed as:  [ Kassner et al., 2004] 
 
RTQneA / VH    (1) 
Based on the plotted graphs, working in the region of the secondary creep (steady state), where the slope of the 
curve is almost constant, and using the power law (equation 1), parameters n and Q were calculated, at a constant 
temperature and under a constant stress, respectively, in relation to the material’s deformation mechanisms. 
Finally Vickers hardness of the original specimens as well as the thermally treated specimens before and after the 
creep test was measured. For this, a micro hardness tester, make Future-Tech, model FM-300 was used. 
1223 
1023 
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1 h 1 h 
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3. Results and discussion 
Creep tests were performed at different stresses and temperatures to evaluate the behavior of the material when 
exposed to these conditions. Figure 4 shows specific deformation as a function of time under: (a) constant 
temperature of 873K at applied stresses between 82 and 205 MPa; (b) stresses applied of 168 MPa and at different 
temperatures.  
 
a)                                                                                  b)         
    
 
 
 
 
 
 
 
 
 
 
Figure 4. Creep curves for 1Cr-0,5Mo:  (a)  T = 873 K and under different stresses; (b) 168 MPa and at different temperatures 
        
The strain rate for stationary state was calculated. Equation 1 can be rewritten as Eqs. (2) and (3), by using 
logarithms, obtaining the n and Q parameters for constant stress or temperature: 
 
T  R
Q  - )σ (A ln   ε ln n                                                                                                                          (2)  
σ log n  )e (A log ε log RTQ                                                                                                              (3) 
 
The logarithmic graphic representations of these equations should result in straight line, so the parameters can be 
easily obtained from the slope. 
Activation energy Q can also be calculated from the power law (equation 1). Based on tests performed at 
different temperatures and under a constant stress, strain rate as a function of the reciprocal of the temperature is 
plotted in Figure 5. Results were adjusted by a linear regression through a line of slope proportional to Q. 
With a similar procedure, creep strain rate values as a function of the mechanical stresses are represented for 
constant temperature of 873 K, Figure 6. Results were adjusted by a linear regression through a line whose slope 
allows obtaining the values of the stress exponent (n).  
The values of stress exponents "n", calculated indicate that the dominant process in flow is the dislocations 
movement. The presence of alloying elements as Cr and Mo would increase the resistance of ferritic steels.   
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Figure 5. Logarithmic plot to determine the activation energy (Q).The straight line regression for the activation energy is shown. 
 
 
 
 
 
 
 
 
Figure 6. Logarithmic plot to determine the stress exponent (n). 
The Figure 7 shows the structure of the material after austenization at 1223 K, showing a matrix of ferrite with 
grains bigger than in the original state, dispersed bainite and a higher number of precipitates in the grain boundaries. 
 
 
 
 
 
 
Figure 7. Structure of the steel after austenization at 1223 K, showing a ferrit matrix (white zone) and dispersed bainite (100x). 
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The Figure 8 shows structures from the different thermal treatments. In figure (8a) the evidence a matrix of 
equiaxed grains of ferrite and dispersed grains of bainite;  these colonies increase in number and size when the 
temperature is higher and the tempering time longer (figures 8b and c). 
 
 
 
 
 
 
 
 
 
Figure 8. Micrography (100x): Case A: tempering at 873 K for 1 hour, Case B: tempering at 1023 K for 1 hour, Case C: tempering at 1023 K for 
3 hours 
In the material that was thermally treated, it is possible to see that the precipitation of carbides increases with 
increasing test temperature.  Figure 9 shows the structure of a carbide in its original state.  
Hald et al. present a map of  indicating different stable phases of precipitate in Cr – Mo steels and suggest that in 
case A the stable carbides are of type M3C, while in case C of type M3C, M2C, M7C3 [Hald et al., 2003]. 
 
 
 
 
 
 
Figure 9. SEM micrography  of a carbide. 
The values of Vickers hardness obtained are shown in Table 2.These results can be explained by the fact that at 
873 K carbides of type M2C are stable; these secondary hardening and are responsible for the creep resistance of Cr-
Mo steel, though at 1023 K they are dissolved and replaced by M6C in ferrites and M23C6 in bainites. It has been 
found out that M2C, M6C and M23C6 coexist after thermal treatment [Dobrzanski  et al.2007].  
     
 
  a)    b)    c) 
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Bhadeshia, (2001) proposes that resistance to creep in the 1Cr-0,5Mo steel is due to a fine precipitation of 
carbides which varies according to temperature and service time; these are, initially, carbides Fe3C and M2C 
carbides which then evolve to M23C6, M7C3 and M6C. 
 
                      Table 2. Values Vickers hardness. 
Material As cast Case A Case B Case C 
Vickers hardness 157 174 165 173 
 
Figure 10 shows specific deformation as a function of time of as-cast material as well as specimens that had 
previously been treated thermally at temperature of  873 K  and at a stress of 168 MPa. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 10. Comparison of creep behavior of materials with and without thermal treatment. 
The values of the deformation rate, the rupture life and elongation obtained are shown in Table 3. 
 
                Table 3.  Parameters  obtained  from  the creep tests. 
Material Rate of 
deformation (s-1) 
Rupture  
time(s) 
As-cast 1.11 10-8 0.90 106 
Case A 1.73 10-8 1.43 106 
Case B 1.94 10-8 1,67 106 
Case C 4.17 10-8 1.98 106 
 
It can be observed that the material without thermal treatment is the one that presents less deformation values and 
shorter rupture time. The material that has been treated at 1023 K for three hours (case C) is the one that presents the 
highest ductility and the longest stress rupture life. This can be interpreted as a consequence of the duration of the 
exposition of the material to high temperatures. Therefore it can be concluded that ductile rupture of low alloy 
steels, resistant to creep, is mainly based on nucleation and growth of the alloyed carbides, as well as on cavities 
generated at grain boundaries. 
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4. Conclusions 
From the obtained results we can conclude that: 
x As a result of the thermal treatment it can be observed, that when increasing temperature and duration of 
the heating process, the number of colonies of bainite and precipitated carbides in the microstructure increases. 
This is related to increasing values of hardness. 
x The creep tests done on the material in its original state exhibit lower values for the creep coefficient of 
stress and the activation energy than those obtained on steel with a higher content of chromium. This explains its 
lower mechanical strength.  
x The material shows a ductile rupture, caused by nucleation and growth of the alloyed carbides as well as by 
cavities appearing at the grain boundaries.  
x When increasing the temperature of the heat treatment, creep resistance also increases. This becomes 
evident in view of the longer duration of the creep tests. 
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